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Supplemental File S2 — Heme Biosynthesis

Synthesis of heme is critical to hemoglobin formation and oxygen transport. In a normal man,
6.3 g of hemoglobin is replaced daily with little wastage; porphyrias result from disruption of
synthesis or feedbacks in process control, often due to deficiency of one or more enzymes in the
synthesis pathway (Rimington 1989). Defects in each of the eight enzymes in the heme
biosynthetic pathway have been associated with a specific porphyria (Phillips 2019). We
examined variation at nine genes (O’Malley et al. 2018) among sciurids.

The ALAD gene encodes aminolevulinate dehydratase. Diseases associated with ALAD
include porphyria, and acute hepatic porphyria. Among its related pathways are porphyrin and
innate immune system response. The ALAD enzyme is composed of eight identical subunits and
catalyzes the condensation of two molecules of 5-aminolevulinate to form porphobilinogen (a
precursor of heme). ALAD catalyzes the second step in the porphyrin and heme biosynthetic
pathway. ALAD enzymatic activity is inhibited by lead and a defect in the ALAD structural gene
can cause increased sensitivity to lead poisoning and acute hepatic porphyria. Alternative
splicing of this gene results in multiple transcript variants encoding different isoforms.

Our sequence alignment included 355 predicted amino acids for S. niger. There were
differences at 16 amino acids among Sciurus species; additionally, S. vulgaris lacked 23 amino
acids at positions 270-293. Three ground squirrels — S. dauricus, I. tridecemlineatus, and U.
parryii - had a 32-amino acid sequence at positions 140-172 not seen in other species.
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ALAS1 encodes 5'-aminolevulinate synthase 1. Diseases associated with ALAS1 include acute
porphyria and anemia, sideroblastic, 1. Among its related pathways are porphyrin and glycine,
serine, and threonine metabolism. Gene ontology (GO) annotations related to this gene include
pyridoxal phosphate binding and 5-aminolevulinate synthase activity. An important paralog of
this gene is ALAS2. This gene encodes the mitochondrial enzyme which is catalyzes the rate-
limiting step in heme (iron-protoporphyrin) biosynthesis. The enzyme encoded by this gene is
the housekeeping enzyme; a separate gene encodes a form of the enzyme that is specific for
erythroid tissue. The level of the mature encoded protein is regulated by heme; high levels of
heme down-regulate the mature enzyme in mitochondria, while low heme levels up-regulate it.
Alternative splicing results in multiple transcript variants encoding different isoforms.

The ALAS1 amino acid sequence was rather highly conserved among sciurids and among all
species considered. Among 640 amino acids for Sciurus species, we observed three point
differences. The human sequence had a two-amino acid insertion at sites 84-85.
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PMLLAGALESVRILKSSEGRALRRQHQOQRNVKLLROMLMDAGLPVIHCPSHIIPVRVADAA
PMLLAGALESVRILKSSEGRALRRQHORNVKLMROMLMDAGLPVIHCPSHITIPVRVADAA
PMLLAGALESVRILKSSEGRALRRQHORNVKLMROMLMDAGLPVIHCPSHITPVRVADAA
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KKK AR AR AR A AR A AR A KRR A AR AKRKA A KRR A AR AA K e AA A A A AR AR A A AR AR A AR A A AR AKX XK

KNTEICDELMTRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEFVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNEFEVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPQOMMNEFFVEKLLATWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEFVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEVEKLLVTWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNEFEVEKLLATWKRVG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEVEKLLATWKRLG
KNTEICDELMSRHNIYVQAINYPTVPRGEELLRIAPTPHHTPOMMNFEFVEKLLATWKRVG

KAKAKKAKAKAAK e A A A A KA A KA A XA KA A XA A XA AKX AA XA A I A A KA XA I A XA AR A AR A AKX AKX h koK

LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKMVSAQAZ
LELKPHSSAECNFCRRPLHFEVMSEREKSYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKSYFSGLSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKSYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKSYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKLVSAQA-
LELKPHSSAECNFCRRPLHFEVMSEREKAYFSGMSKLVSAQA-

AKAKAAKAKAAKAAKAAAAAAAARA A AKX A A A K e khkkk o kk o kX k%

ALAS?2 encodes 5'-aminolevulinate synthase 2. Diseases associated with ALAS2 include
anemia, sideroblastic, 1 and protoporphyria, erythropoietic, X-linked pyridoxine-responsive
sideroblastic anemia. Among its related pathways are porphyrin and glycine, serine, and
threonine metabolism. Gene ontology (GO) annotations related to this gene include pyridoxal

phosphate binding and glycine binding. An important paralog of this gene is ALAS1. The product
of this gene specifies an erythroid-specific mitochondrially located enzyme. The encoded protein
catalyzes the first step in the heme biosynthetic pathway. Alternatively spliced transcript variants
encoding different isoforms have been identified.

Among 586 amino acids, we observed three differences among Sciurus species at ALAS2. We
noted an insertion of 15-16 amino acids at positions 61-76 in seven non-Sciurus sequences. X.
inauris had an insertion of five amino acids at positions 554-559.

Alas?2 MVAAAMLLRSCPVLSQGPTGLLGKVAKTYQFLEFSIGRCPILATQGPTCSQIHLKATKAGG
Aplodontia rufa MVAAAVLLQCCPVLARGPTGLLGKVIKTHQFLFGTGRCPILAAQGPICSQIHLKATKAGG
Xerus inauris@A MVAAAMLLQCCPVLARGPTGLLGKVIKTHQFLFGTGRCPILATQGPICSQIHLKTTNAGG
Marmota monax@A MVAAAVLLQCCPVLARGPTGLLSKVVKTHQFLFGTGRCPILATQGPICSQIHLKATRAGG
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MVAAAVLLQCCPVLARGPTGLLSKVVKTHQFLFGTGRCPILATQGPICSQIHLKATRAGG
MVAAAVLLQCCPVLARGPTGLLSKVIKTHQFLEFGTGRCPILATQGPICSQIHLKATRAGG
MVAAAVLLQCCPVLARGPTGLLSKVVKTHQFLFGTGRCPILATQGPICSQIHLKATRAGG
MVAAAVLLQCCPVLARGPTGLLGKVVKTHQFLFGTGRCPILAAQGPICSQIHLKATKAGG
MVAAAVLLQCCPVLARGPTGLLGKVVKTHQFLFGTGRCPILATQGPICSQIHLKATKAGG
MVAAAVLLQCCPVLVRGPTVLLGKVVKTHQFLEFGTGRCPILATQGPICSQIHLKATKAGG

kAKhkkhkkhkkoekhkke Kkhkkhkk okkk K*k Kkk Kkkoekkk*k kAKhkkkhkhkkhkkeoehkkhk K*hkkhkkhkhkkkok *k%

———————————————— DSPSWAKSHCPFMLSELQDRKSKIVQRAAPEVQEDVKTFKTDLL
———————————————— DSPSWAKGHCPFMLSELQDGKSKIVQKAAPEVQEDVKTFKTDLL
———————————————— DSPSWTKGHCPFMLSELQDGKSKIVQKAAPEVQEDVKTFKTDLL
GKKRFLEKGGCLGHSDDSPSWAKSHCPFMLSELQDRKSKIVQKAAPEVQEDVKTFKTDLL
GKKRFLEKGGCLSHS-DSPSWAKSHCPFMLSELQDRKSKIVQKAAPEVQEDVKTEFKTDLL
GKKRFLEKGGCLGHS-DSPSWAKSHCPFMLSELQDRKSKIVQKAAPEVQEDVKTEFKTDLL
GKKRFLEKGGCLGHS-DSPSWAKSHCPFMLSELQDRKSKIVQKAAPEVQEDVKTFKTDLL
———————————————— DSPSWSKGHCPFMLSELQDGKSKIVQKAAPEVQEDVKTFKTDLL
———————————————— DSPSWSKGHCPFMLSELQDGKSKIVQKAAPEVQEDVKTFKTDLL
———————————————— DSPSWSKGHCPFMLSELQDGKSKIVQKAAPEVQEDVKTFKTDLL

KAk kK ok K hkAXkhAkhkhAk k *hkAkhhkkoehkhAhAAI A A XA A I AKX KA K

STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGSQAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQONNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQNNMTGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQSNPAGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQSNPAGEHAFGYDQFFRDKIMEKKQDHTYRV
STMDSTTRSHSFPSFQEPEQTEGAVPHLIQSNPAGEHAFGYDQFFRDKIMEKKQDHTYRV

KAXKAKKAKAKAXAKAAXARKAAXRKAAXAKAAXAA AKX AAA KX Kk ok ockhhhAAhAAAAAA A A A A kA Ak AKXk k%

FKTVNRWANAYPFAQHEFSEASMASKDVSVWCSNDYLGISRHPRVLOATEETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGMSRHPRVLOATQETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGMSRHPRVLOAIQETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGISRHPRVLOAIEETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGISRHPRVLOAIEETLKNHGAGAG
FKTVNRWANAYPFAQHEFSEASMASKDVSVWCSNDYLGMSRHPRVLOATQETLKNHGAGAG
FKTVNRWANAYPFAQHEFSEASMASKDVSVWCSNDYLGMSRHPRVLOATQETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGISRHPRVLOAIEETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGMSRHPRVLOAIQETLKNHGAGAG
FKTVNRWANAYPFAQHFSEASMASKDVSVWCSNDYLGMSRHPRVLOAIQETLKNHGAGAG

KK A AR AR A A KRR AR A AR A A KA A A KR A A KA AR A A I A A IA A I A e kAR AR A Ik e kA A XA A XA A KK

GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEFVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEFVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLEFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLEFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEVANDSTLEFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELEQELAELHQKDSALLEFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
GTRNISGTSKFHVELERELAELHQKDSALLEFSSCEVANDSTLFTLAKLLPGCEIYSDAGN
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HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC
HASMIQGIRNSGAAKFVFRHNDPGHLKKLLEKSDPKTPKIVAFETVHSMDGAICPLEELC

KK R AR AR AR A AR A AR AR A AR A A KR KA A AR AR KA A KRR AR A AR A AR A AR AR A AR A A AR AR A ARk kK

DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR
DVAHQYGALTFVDEVHAVGLYGARGAGIGERDGIMHKLDIISGTLGKAFGCVGGYIASTR

KK A AR AR A A AR AR A A KR A A KR A A A A A A A KA AR AA I A A I AR I AR I A A A AR A AR A AR A A XA A XK

DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGOQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGOQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGOQALRRAHQRNVKHMRQLLMDR
DLVDMVRSYAAGFIFTTSLPPMVLSGALESVRLLKGEEGOQALRRAHQRNVKHMRQLLMDR

KA KA A K A AR A AR AR A A KRR AR A A AR A AR A AR AR AR AR A A AR A AR A A AR A Ak Ak Ak Ak Ak Ak, k%

GFPVIPCPSHIIPIRVGNAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGNAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GFPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GFPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GFPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH
GLPVIPCPSHIIPIRVGDAALNSKICDLLLSKHSIYVQAINYPTVPRGEELLRLAPSPHH

Ko kA XA AKAKAAKAA KA A AKX e kA A AKX A A XA AR A AR A AR A A A A A A A A A A A A A AR d A Ak A,k *k

SPOMMENEFVEKLL----- LAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG
SPOMMENFVEKLL---—-- LAWTEVGLPLODVSVAACNEFCHRPVHFELMSEWERSYFGNMG
SPOMMENEFVGKYLOSCGSFPGTCIKLSLOQCLSL--=-=====———————————————————
SPOMMENEFVEKLL-—--—-- LAWTEVGLPLODVSVAACNEFCHRPVHFELMSEWERSYFGNMG
SPOMMENEFVEKLL----- LAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG
SPOMMENEFVEKLL----- LAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG
SPOMMENEFVEKLL-—---- LAWTEVGLPLODVSVAACNEFCHRPVHFELMSEWERSYFGNMG
SPOMMENEFVEKLL-—---- VAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG
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SPOMMENFVEKLL--—--- VAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG
SPOMMENFVEKLL----- VAWTEVGLPLODVSVAACNFCHRPVHFELMSEWERSYFGNMG

kkkk kK kAhkkh KXk Kk Kk .. * *.** :*:
POQYVTTYAZ
POYVTTYA-
POYVTTYA-
POYVTTYA-
POYVTTYA-
POYVTTYA-
POYVTTYA-
POYVTTYA-
POYVTTYA-

CPOX encodes coproporphyrinogen oxidase. Diseases associated with CPOX include
hereditary coproporphyria and harderoporphyria. Among its related pathways are porphyrin
metabolism and biosynthesis of cofactors. Gene ontology (GO) annotations related to this gene
include protein homodimerization activity and structural constituent of eye lens. An important
paralog of this gene is ENSG00000285635. The protein encoded by this gene is the sixth enzyme
of the heme biosynthetic pathway. The encoded enzyme is soluble and found in the
intermembrane space of mitochondria. This enzyme catalyzes the stepwise oxidative
decarboxylation of coproporphyrinogen 111 to protoporphyrinogen 1X, a precursor of heme.

Within a 426-amino acid CPOX sequence, we noted eight point-differences among sciurids.
All members of Sciurus showed addition of a leucine at position 17. The human sequence had an
insertion of two amino acids at positions 115-116.

Cpox

Aplodontia rufa
Xerus inauris@C
Marmota monax@C
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@C

Cpox

Aplodontia rufa
Xerus inauris@C
Marmota monax@C
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@C

Cpox
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MALRLGRLGSDPWWRA-VLGDYAQLRAASPRCASARVCQLPGTAGPQPRRGLGYG—-—-—--
MAWHLGRLSAGSCLRA-ARGGCGELRAWSQRCAGGRICRPPGTAGTESCRGLAHG-----
MAWHLGRLSVGSCWRA-ARGGCGELRAWSQRCAAGRMCRPPGTTGTEHSRGLAQG-—-———
MAWYLGRLSAGPCWRA-ARGGCGELRAWSQRCATGRICQPPGTAGTMHSRGLAHG--——-—
MAWYLGRLSAGPCWRA-ARGGCGELRAWSQRCATGRICQPPGTAGTGHSRGLLEGXXXXX
MAWYLGRLSAGPCWRA-ARGGCGELRAWSQRCATGHICQPPGTAGTVHSRGLAHG-----
MAWYLGRLSAGPCWRA-ARGGCGELRAWSQRCATGRICQPPGTAGTVHSRGLAHG-----
MAWHLGRLSAGPCWRALARGGCGELRAWSQRCAAGRICRPPGTAGTEHSRGLAHG--—-—--
MAGHLGRLSAGPCWRALARGGCGELRAWSQRCAAGRICRPPGTAGTEHSRGLAHG--—-—--
MAWHLGRLSAGPCWRALARGGCGELRAWSQRCAAGRICRPPGTAGTEHSRGLAHG--——--—

* x * Kk kK * x * e kkk Kk Kk Kk e ek e kkhkk ek * kK *

-PWARGGSGLGTRLAATLAGLAGLAAAAFGHVQRAEMVPKSSGARSPSPGRREEDGDELA
-PSARGSRWPGTGLTAALAGLAGLATAAVGHVHRAEMVPKSSGARSPSPERPLE--DELA
-PSAKGGPWPGTGLAAALAGLAGLATAAFGHVQRAEMVPKSSGARSSSQERPLD--DDLA
-PSARGGPWPGTGLAAALAGLAGLATAAFGHVQRAEMVPKSSGARSPSPERPQE--DDLA
XXX XXX XXX XXX KKK XXX XXX X XXX XXX XXX XX XAEMVPKSSGARSPSPVRPQE--DDLA
-PSARGGPWPGTGLAAALAGLAGLATAAFGHVHRAEMVPKSSGARSPSPERPQE--DDLA
-PSARGGPWPGTGLAAALAGLAGLATAAFGHVHRAEMVPKSSGARSPSPERPQE--DDLA
-PSSGGGSWPGTGLATALAGLAGLATAAFGHVQRAEMVPKSSGARSPSPERSQE--DDLT
-PSSGGGSRPGAGLATALAGLAGLATAAFGHVQRAEMVPKSSGVRSPSPERPQE--DDLT
-PSSGGGSRPGAGLATALAGLAGLATAAFGHVQRAEMVPKSSGVRSPSPERPQE--DDLT

*kkkkkkhkkkk Kk Kk * * o Kk o

RRCSTEFMSSPVTELRELRRRPEDMKTKMELMIMETQAQVCRALAQVDGVADEFTVDRWERK
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RRCSCEFMASPVTDLGELRRRPGDMKTKMELLILETQAQVCQALAQVDGGANFSVDRWERK
RRCSCEFMASPVTDLSELRKRPGDMKTKMELLILETQAQVCQALAQVDGGASEFSVDRWERK
RRCSCEFMASPVTDLDELRKRPGDMKTKMELLILETQAQVCQALAQVDGVASEFSVDRWERK
RRCSCEFMASPVTDLDELRKRPGDMKTKMELLILETQAQVCQALAQVDGVASEFSVDRWERK
RRCSCEFMASPVTDLDELRKRPGDMKTKMELLILETQAQVCQALAQVDGVASEFSVDRWERK
RRCSCEFMASPVTDLDELRKRPGDMKTKMELLILETQAQVCQALAQVDGVASEFSVDRWERK
RRCSCEFMALPVTDLGELRKRPGDMKTKMELLILETQAQVCQALAQVDGGASFSVDRWERK
RRCSCEFMALPVTDLGELRKRPGDMKTKMELLILETQAQVCQALAQVDGGASEFSVDRWERK
RRCSCEFMALPVTDLGELRKRPGDMKTKMELLILETQAQVCQALAQVDGGASEFSVDRWERK

KAKhkkhkk Kkhkeoe Khhkkhkek KAkkeoekhkk k K AkAAAAkAKkoekehkkhkhAkhAk Ak ehkhAkkhkhAkkhk Ak * K eoekkkhkhkkkk

EGGGGITCVLODGRVFEKAGVSISVVHGNLSEEAANQMRGRGKTLKTKDSKLPEFTAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQOMRSRGKILKTKDGKLPEFTAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQMRSRGKVLKTNDGKLPEFSAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQMRSRGKVLKTKDGKLPFCAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQMRSRGKVLKTKDGKLPEFSAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQOMRSRGKVLKTKDGKLPEFSAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQOMRSRGKVLKTKDGKLPEFSAMGVS
EGGGGITCVLODGRVFEKAGVSISVVHGNLSEEAAKQOMRSRGKVLKTKDGKLPEFSAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQMRSRGKVLKTKDGKLPEFSAMGVS
EGGGGISCVLODGRVFEKAGVSISVVHGNLSEEAAKQMRSRGKVLKTKDGKLPEFSAMGVS

KAKKKAKK e KAKXRKAKAKAAKRKAAAKA AKX A AR A AKX AKX AR A K e kkhkk K*hkk *kkeoek *kkhk*k *kkk%k

SVIHPKNPYAPTMHENYRYFEVEEADGNTHWWEGGGCDLTPTYLNQEDAVHEFHRTLKEAC
SVIHPKNPYAPTMHENYRYFEVEEADGTKQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPHAPTIHFNYRYFEVEEADGTKQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPHAPTIHFNYRYFEVEEADGTKOQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPHAPTIHFNYRYFEVEEADGTKOWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPHAPTIHFNYRYFEVEEADGTKOWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPHAPTIHFNYRYFEVEEADGTKQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPYAPTMHENYRYFEVEEADGNTQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPYAPTIHFNYRYFEVEEADGNKQWWEGGGCDLTPTYLNQEDAVHFHRTLKEAC
SVIHPKNPYAPTIHFNYRYFEVEEADGNKOQWWEGGGCDLTPTYLNQEDAVHEFHRTLKEAC

KAk Ahkkhkk Ak oehkhkkhk e khkkhkA XAk Ak XAk kAKX K%k e Ak KA KA A KA XK A XA A XA AR A A XA A XA A KA K

DOHGPDIYPKFKKWCDDYFFIVHRGERRGIGGIFFDDLDSPSKEEAFREVKTCAEAVVPS
DOHGPDLYPKFKKWCDDYFFIVHRGERRGIGGIFFDDLDSPSKEEVFREVKSCAQAVVPS
DOHGPDLYPKFKKWCDDYFFITHRGERRGIGGIFFDDLDSPSKEEVFHEFVQSCARAVVPS
DOHGPDLYPKFKKWCDDYFFIAHRGERRGIGGIFFDDLDSPSKEEVEFREVQSCAQAVVPS
DOHGPDLYPKFKKWCDDYFFIAHRGERRGIGGIFFDDLDSPSKEEVFREVQSCAQAVVPS
DOHGPDLYPKFKKWCDDYFFIAHRGERRGIGGIFFDDLDSPSKEEVFREVQSCAQAVVPS
DOHGPDLYPKFKKWCDDYFFIAHRGERRGIGGIFFDDLDSPSKEEVFREVQSCAQAVVPS
DOHGPDLYPKFKKWCDDYFFITHRGERRGIGGIFFDDLDSPSKEEAFREVKTCAEAVVPS
DOHGPDIYPKFKKWCDDYFFITHRGERRGIGGIFEFDDLDSPSKEEAFREVKTCAEAVVPS
DOHGPDLYPKFKKWCDDYFFITHRGERRGIGGIFFDDLDSPSKEEAFREVKTCAEAVVPS

KAKKAKAKK e AAKXKAAKARKAAKAKAAAA A’ KA AAAAXAAAAAARA XA A AL A AKX KX K*eoekkhkeookk *kkk%k

YVPIVKKHCDDSYTPRDKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSFTPOQEKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSEFTPQEKLWQOLRRGRYVEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSEFTPQEKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSYTPREKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSFTPOQEKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YIPLVKKHCDDSFTPOQEKLWQOLRRGRYVEEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
YVPIVKKHCDDSYTPRDKLWQOLRRGRYVEEFNLLYDRGTKEFGLFTPGSRIESILMSLPLT
YVPLVKKHCDDSYTPQEKLWQOLRRGRYVEFNLLYDRGTKFGLFTPGSRIESILMSLPLT
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Marmota monax@C
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Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@C
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YVPLVKKHCDDSYTPQEKLWQOLRRGRYVEFNLLYDRGTKFGLFTPGSRIESILMSLPLT

KoKk e kAKAKAKAIAKAK e AKX o o AAKAAKRKAAKAKAAKAKA A KA A AKX XA KA XA KAA XA AN A A A A XA A XA XA KX XK

ARWEYMHSPPENSKEAEILEVLRHPKDWVHZ

ARWEYMHSPPENSKAKT--QSLHPPRDWVH-
ARWAYMHLPPENSKEAEILRVLHHPRDWVH-
ARWAYMHSPPENSK--—-—=—=—=——-———-

* %

FECH encodes ferrochelatase. Diseases associated with FECH include erythropoietic

protoporphyria 1 and autosomal erythropoietic protoporphyria. Among its related pathways are
porphyrin metabolism and the HIF-1-alpha transcription factor network. Gene ontology (GO)
annotations related to this gene include iron ion binding and 2 iron, 2 sulfur cluster binding. The
protein encoded by this gene is localized to the mitochondrion, where it catalyzes the insertion of
the ferrous form of iron into protoporphyrin 1X in the heme synthesis pathway. Two transcript

variants encoding different isoforms have been found for this gene.
Among 319 amino acids for FECH, sciurids differed at three. X. inauris had a 10-amino acid
deletion at positions 256-265, and M. monax a 15-amino acid deletion at positions 250-264.

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monax@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@F

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monax@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@F

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monaxQ@F
Spermophilus da

Page 10 of 20

MLSASANMAAALRAAGALLREPLVHGSSRACQPWRCQ-SGAAVAATTEKVHHAKTTKPQA
—————————————————————— LVCGNLRASRSWKCKLNTIAVAVDKGKDQCVKNANPQV
—————————————————————— LVLGNSKASQSWKCKLNTTAVAVHTGKVQEFVKNKNPQV
—————————————————————— LVLGNSKASQSWKCKLNTTAVAVHTGKVQEFVKNKNLQV

QPERRKPKTGILMLNMGGPETLGEVQDFLORLFLDRDLMTLPTONKLAPFIAKRRTPKIQ
———————————————————————————————————————————— SKLAPFIAKRRTPKIQ
QLEKKKPKTGI-MLNIGGPETLGEVQDFLQORLFLDRDLIIFPI-NKLAPFIAKRRTPKIQ
QLEKKNPKTGILMLNIGGPETLGEVQDFLQORLFLDRDLMIFPI-NKLAPFIAKRRTPKIQ
QLE-KNPKTGILMLNIGGPETLGEVQDFLQORLFLDRDLMIFPI-NKLAPFIAKRRTPKIQ
———————————————————————————————————————————— SKLAPFIAKRRTPKIQ
QLEKKNPKTGILMLNIGGPETLGEVQDFLQORLFLDRDLMIFPI-NKLAPFIAKRRTPKIQ
———————————————————————————————————————————— SKLAPFIAKRRTPRIQ
———————————————————————————————————————————— SKLAPFIAKRRTPRIQ
———————————————————————————————————————————— SKLAPFIAKRRTPRIQ

KhkAkRkAkAkhk Ak kKhkk o k%

EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPATAPHKYYIGFRYVHPLTEEATEEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDDLSPDTAPHKYYIGFRYVHPLTEEATIDKMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPATAPHKYYIGFRYVHPLTEEATIEEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPATAPHKYYIGFRYVHPLTEEATIEEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPATAPHKYYIGFRYVHPLTEEATEEMERD
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Marmota monax@F
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Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@F

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monaxQ@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@F

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monaxQ@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@F

Fech

Aplodontia rufa
Xerus inauris@F
Marmota monaxQ@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@F
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EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPNTAPHKYYIGFRYVHPLTEEAIEEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPATAPHKYYIGFRYVHPLTEEAIEEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPTTAPHKYYIGFRYVHPLTEEATIDEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPTTAPHKYYIGFRYVHPLTEEATIDEMERD
EQYRRIGGGSPIKMWTSKQGEGMVKLLDELSPTTAPHKYYIGFRYVHPLTEEAIDEMERD

KKK AKKAAKRAKAKAAXAKAAKARKAAKNKAAKNKAAAEA AKX e kA k AAXAKAAXAKAAXAAAAAAAAXA A AKX K o e KAk K

GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOKPTMKWSTIDRWPTHPLLIQCEFADH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGKKPTMKWSTIDRWPTHPLLIQVSQDH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOQKPTMKWSTIDRWPTHPLLIQCFADN
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOKPTMKWSTIDRWPTHPLLIQCFADY
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOKPTMKWSTIDRWPTHPLLIQCFADH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOKPTMKWSTIDRWPTHPLLIQCEFADH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGOKPTMKWSTIDRWPTHPLLIQCEFADH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGKKPTMKWSTIDRWPTHPLLIQVSQDH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGKKPTMKWSTIDRWPTHPLLIQVSQDH
GLERAIAFTQYPQYSCSTTGSSLNAIYRYYNEVGKKPTMKWSTIDRWPTHPLLIQVSQDH

KK AR KA KA A KA A KA A IR AA KA A AR AR A A A IA AR A AR K e A Ak AR A A I A A XA A XA A XA AKX K *

ILKELNHFPEEKRSEVVILEFSAHSLPMSVVNRGDPYPQEVGATVHKVMEKLGYPNPYRLV
ILKELNHFPEEKRSEVVILEFSAHSLPLQVVNRGDPYPQEVGATVHKVMESLGYSNPYRLV
LOKELHHFPLEKGGH---=-—-———-— OMSVVNRGDPYPQEVGATVHKVMEKLGYPNPYRLV
LOKELHHFP---——-—-—-———-——— LPMSVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILFSAHSLPMSVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILEFSAHSLPMSVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILEFSAHSLPMSVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILEFSAHSLPMQVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILEFSAHSLPMQVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV
ILKELNHFPEEKRSEVVILFSAHSLPMQVVNRGDPYPQEVGATVHKVMERLGYSNPYRLV

kK Kk o kK kK e KKKk KRkKAAAAAAAAkA AR AR AK ) K*Khkk *kkkk*k

WOSKVGPVPWLGPQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAQKC
WOSKVGPVSWLGPOQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQILAKEC
WOSKVGPVPWLGPOQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAQKC
WOSKVGPVPWLGPQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAQKY
WOSKVGPVPWLGPQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEV
WOSKVGPVPWLGPQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEV
WOSKVGPVPWLGPOQTDEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEC
WOSKVGPVPWLGPOTNEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEV
WOSKVGPVPWLGPQTNEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEC
WOSKVGPVPWLGPQTNEAIKGLCERGRKNILLVPIAFTSDHIETLYELDIEYSQVLAKEC

KAXKAKKAKK KA AKAAK e A AR KA A A KA AR A A A AR A A A AR A A AR A A A A A A A A A AR A K o Ak o o

GAENIRRAESLNGNPLEFSKALADLVHSHIQSNKLCSTQLSLNCPLCVNPVCRKTKSFEFFTS
GAENIRRAESLNGNPLEFSQALADLVHSHIQSNRLCSKQLTLSCPLCVNPVCRETKSFEFETN
GAENIMKRESFAGNPLEFSQALADLVYSHIQSNKLCSKQLTLSCPLCVNPVCRETKSFEFETN
—-VENNKRGESLNGNPLESQALADLVLSHIQSNKLCSKQLTLSCPLCVNPVCRETKSFETN
GAENIRRAESLNGNPLEFSQALADLVLSHIQSNKLCSKQLTLSCPLCVNPVCRETKSFEFFEFTN
GAENIRRAESLNGNPLEFSQALADLVLSHIQSNKLCSKQLTLSCPLCVNPVCRETKSEFTN
GAENIRRAESLNGNPLESQALADLVLSHIQSNKLCSKQLTLSCPLCVNPVCRETKSEFFEFTN
STENIRRAESLNGNPLESQALADLVHSHIQSNTQCSKQLTLSCPLCVNPVCRETKSFETN
GAENIRRAESLNGNPLESQALADLVHSHIQSNTLCSKQLTLSCPLCVNPVCRETKSEFEFTN
GAENIRRAESLNGNPLEFSQALADLVHSHIQSNTLCSKQLTLSCPLCVNPVCRETKSEFTN

* x ko Khhkhkkhkkhkoekhkkhkhkkhkkhk *khkhkkk*k Ak hkkek KAhkAkAkAkAkAkhAkk oAk kA kK

QQLZ
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00L~-
00L~-
QQL-
QQL-
00L~-
00L~-
QOM~
QQM~—
QQM~—
* Kk .

Aplodontia rufa
Xerus inauris@F
Marmota monaxQ@F
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@F

HMBS encodes hydroxymethylbilane synthase. Diseases associated with HMBS include acute
intermittent porphyria and mood disorder. Among its related pathways are porphyrin metabolism
and biosynthesis of cofactors. Gene ontology (GO) annotations related to this gene include
hydroxymethylbilane synthase activity. The encoded protein is the third enzyme of the heme
biosynthetic pathway and catalyzes the head-to-tail condensation of four porphobilinogen
molecules into the linear hydroxymethylbilane. Alternatively spliced transcript variants encoding
different isoforms have been described.

Among 242 amino acids in Sciurus niger HMBS, there were two point-differences among
Sciurus species and an insertion of 37 amino acids in S. vulgaris. There were major amino acid
sequence insertions among all species, including 37 amino acids in A. rufa; five amino acids for
M. monax, |. dauricus, and U. parryi; and eight amino acids for S. dauricus.

Hmbs

Aplodontia rufa
Xerus inauris@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

MSGNGGAATTAEENGSKMRVIRVGTRKSQLARIQTDTVVAMLKALYPGIQFEITAMSTTG

Hmbs DKILDTALSKIGEKSLFTKELENALEKNEVDLVVHSLKDVPTILPPGFTIGAICKRENPC
Aplodontia rufa ------------—-—-—-—-———-— ICPSFHDLPSFPRRENPY
Xerus inauris@H ----------—-—————-— - RRENPC
Marmota monax@H ---------------—"-"—-"--"—\—-"—\—-"—"—-"—"—~—~—~—(—— RRENPC
Spermophilus da ———-—-———————-—-— - - - - RRENPC
Ictidomys tride ——-—-—-—-—-————-——-- - RRENPC
Urocitellus par ———————— - - RRENPC
Sciurus vulgarl ———-- - oo -
Sciurus carolin --------—--—--—-—-— - - - - RRENPC
Sciurus niger@H ----------—-—-—-—-——————— - ———— RRENPC
Hmbs DAVVFHPKFIGKTLETLPEK-—————————————— e o SAV
Aplodontia rufa DAVVFHPKEVGKTLETLPEKRVGPEWAAWWDVHRRWKAGRSRKGTVTICISFTFSLSSTV
Xerus inauris@H DAVVFHPKFVGKTLETLPEK---—--—-———-———-——————————————————————— SAV
Marmota monax@H DAVVFHPKFVGKTLETLPEK--—-—-—---——-—————————————— - ————— SAV
Spermophilus da DAVVFHPKFVGKTLETLPEK--—-—-=—-————-———————————— - ————— SAV
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Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

Hmbs

Aplodontia rufa
Xerus inauris@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

Hmbs

Aplodontia rufa
Xerus inauris@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

Hmbs

Aplodontia rufa
Xerus inauris@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@H

Hmbs

Aplodontia rufa
Xerus inaurisQ@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

Hmbs
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DAVVFHPKFVGKTLETLPEK-————————————— - — oo SAV
DAVVFHPKFVGKTLETLPEK-—————————————————m oo SAV
DAVVFHPKFVGKTLETLPEK-— === == === === ———m oo SAV
DAVVFHPKFVGKTLETLPEK-—————————————————— oo SAV
GTSSLRRVAQLQRKFPHLEFKSI-—--- RGNLNTRLRKLDELQEFSAIVLAVAGLQRMGW
GTSSLRRAAQLORKFPHLEFKNI----- RGNLNTRLRKLDEQHEFSAIILAVAGLQRMGW
GTSSLRRAAQLORKFPHLEFKSI-—--- RGNLNTRLRKLDEQHEFSAIILAVAGLQRMGW

GTSSLRRAAQLQRKFPHLEFKSIVSFRRRGNLNTRLRKLDEQHEFSAIILAVAGLQRMGW
GTSSLRRAAQLQRKFPHLEFKSIVSFRRRGNLNTRLRKLDEQHEFSAIILAVAGLQRMGW
GTSSLRRAAQLOQRKFPHLEFKSI-—---- RGNLNTRLRKLDEQHEFSAITILAVAGLQRMGW
GTSSLRRAAQLOQRKFPHLEFKSIVSFRRRGNLNTRLRKLDEQHEFSATILAVAGLQRMGW
———————————————————————————— RGNLNTRLRKLDEQHEFSATIILAVAGLQRMGW
GTSSLRRAAQLOQRKFPHLEFKSI----- RGNLNTRLRKLDEQHEFSATIILAVAGLQRMGW
GTSSLRRAAQLQRKFPHLEFKSI----- RGNLNTRLRKLDEQHEFSAITLAVAGLQRMGW

Ak Ak k kA hkkhkkAhkhk okhkkhkhkkhk kA kkkikkhk)x*%

ONRVGQI--=-==—————— LHPEECMYAVGQGALAVEVRAKDQDILDLVSVLHDPETLLRC
ONRVGQVGASPLPSPIYLLLPPPCFFSVGQGALGVEVRAKDODILDLVGVLHDPETLLRC
ONRVGQV—-==-==—————— GAPNECMYAVGQGALGVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQV-===——==———— LHPEECMYAVGQGALAVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQV-===——==———— LHPEECMYAVGQGALAVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQI--=-==————-— VERRSSLMCFHQGALAVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQI--=-==—————— LERRSSLMCFHQGALAVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQV—-==-==—————— LHPEECMYAVGQGALGVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQV-===——==———— LHPEECMYAVGQGALGVEVRAKDQDILDLVGVLHDPETLLRC
ONRVGQV-===——==———— LHPEECMYAVGQGALGVEVRAKDQDILDLVGVLHDPETLLRC

Ak kKKK o khkkk KAk AkhkhAkkhkhAkkAkkhkhkkhkk Ak *hxkkkkkkkkkkkk*k

IAERAFLRHL-——--—-- EGGCSVPVAVHTVMKDG-—~——=—==—=-—=——————————-
IAERAFLRHL-—---—-- EGGCSVPVAVHTVMKDG-—=—==—==—==—=———————————
IAERAFLRHL-—---—-- EGGCSVPVAVHTVMKDG-—=—==—==—==—=———————————
IAERAFLRHL-——--—-- EGGCSVPVAVHTVIKDG-———==—==—=-—=——————————-
IAERAFLRHL-——--—-- EGGCSVPVAVHTVIKDG-—=—==—==—=-—=——————————-
IAERAFLRHLVGPVLVLEEGGCSVPVAVHTVIKDG-——-—=-—=-—=-—=——————————
IAERAFLRHL-—---—-- EGGCSVPVAVHTVIKDG-—=——=—==—==—=———————————
IAERAFLRHL-—---—-- EGGCSVPVAVHTVMKDGQVSSGKWAGROQRTGISPYASQVSKQ
IAERAFLRHL-——--—-- VGGCSVPVAVHTVMKDG—~——=——=—==—=————————————
IAERAFLRHL-——--—-- VGGCSVPVAVHTVMKDG—~——=——=—==—=————————————

Ak Kk kK Kk kK kK kkkkhkkkkhkkkhkkhkkk o kk*k

____________ QLYLTGGVWSLDGSDSMQETMQATIQVPVQQEDGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATIHVPVQHEDGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATINVPVQYEDGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATIHVPVQYDHGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATIHVPVQYDDGPEDDPQLVGITALN
____________ QLYLTGGVWSLDGSDSMQETMQATIHVPTQQYDGPEDDPQLVGITALN
____________ QLYLTGGVWSLDGSESMQETMQATIHVPVQYDNGPEDDPQLVGITALN
SPLRICNNYFLSQLYLTGGVWSLDGSDSMQETMQATIHVPVQYEDGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATIQVPIQYEDGPEDDPQLVGITARN
____________ QLYLTGGVWSLDGSDSMQETMQATIQVPIQYEDGPEDDPQLVGITARN

kAhkkAkhkkhkkhkhAkhkkhkkhkhkkhk ke hkhAkhkhkkhkhAhkhkkehkk * khkkAkkkkkhkkkkkikkk kK Kk *

IPRGAQLAAENLGISLASLLLNKGAKNILDVARQLNDVRZ
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Aplodontia rufa
Xerus inauris@H
Marmota monax@H
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@H

IPRGAQLAAENLGISLANLLLNKGAKNILDVARQLNDVH-
IPRGAQLAAENLGISLANLLLNKGAKNILDVARQLNDV--
IPRGAQLAAENLGISLASLLLNKGAKNILDVARQLNDVH-
IPRGAQLAAENLGISLASLLLNKGAKNILDVARQLNDVH-
IPRGAQLAAENLGISLASLLLNKGAKNILDVARQLNDVH-
IPRGAQLAAENLGISLASLLLNKGAKNILDVARQVNDVH-
IPRGAQLAAENLGISLANLLLNKGAKNILDVARQLNDV--
IPRGAQLAAENLGISLANLLLNKGAKSILDVARQLNDV--
IPRGAQLAAENLGISLANLLLNKGAKSILDVARQLNDV--

KAKKAKRKARAKAAXAKAA XA KA, XA Ak kA, *Akkkhkkkhkokk%k

PPOX encodes protoporphyrinogen oxidase. Among its related pathways are porphyrin and
biosynthesis of cofactors. Gene ontology (GO) annotations related to this gene include
oxidoreductase activity and oxygen-dependent protoporphyrinogen oxidase activity. This gene
encodes the penultimate enzyme of heme biosynthesis, which catalyzes the 6-electron oxidation
of protoporphyrinogen IX to form protoporphyrin IX. Mutations in this gene cause variegate
porphyria, an autosomal dominant disorder of heme metabolism resulting from a deficiency in
protoporphyrinogen oxidase, an enzyme located on the inner mitochondrial membrane.
Alternatively spliced transcript variants encoding the same protein have been identified.

Relative to a 557-amino acid sequence for S. niger, we observed four point-differences
among sciurids. There were insertions of 31 amino acids for M. monax and X. inauris, 25 for S.
niger, 24 for M. monax and I. tridecemlineatus, and 25 for X. inauris. There was a deletion of 32
amino acids for A. rufa; of 35 for A. rufa, X. inauris, and I. tridecemlineatus; of eight amino
acids in A. rufa, X. inauris, and 1. tridecemlineatus; and of 26 amino acids for M. monax and S.

dauricus.

Ppox

Aplodontia rufa
Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@P
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Ppox
Aplodontia rufa
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MGRTVIVLGGGISGLAASYHLIRGPSPPKVILVEGSKRLGGWIRSIRGSDGAIFELGPRG

——————————————————————— SPPCRQVVLVEGSKRLGGWIRSVRGPDGAIFELGPRG
———————————————————————— PSCRQVVLVEGSKRLGGWIRSVRGPDGAIFELGPRG
———————————————————————————— QVVLVEGSKRLGGWIRSIRGPGGAIFELGPRG
———————————————————————————— QVVLVEGSKRLGGWIRSIRGPGGAIFELGPRG
———————————————————————————— QVVLVEGSKRLGGWIRSIRGPGGAIFELGPRG
———————————————————————————— QVVLVEGSKRLGGWIRSIRGPGGAIFELGPRG
———————————————————————— PSCRQVVLVEGSKRLGGWIRSVRGPDGAIFELGPRG
——————————————— AASDGTTMAPSCRQVVLVEGSKRLGGWIRSVRGPDGAIFELGPRG
———————————————————————— PSCRQVVLVEGSKRLGGWIRSVRGPDGAIFELGPRG

ek ek kA kA Ak kA Ak AKXk Kk« kK khkk kAR Khk kK

IRPAGALGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGALGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGPLGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGVLGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGVLGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGVLGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGVLGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGALGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
IRPAGALGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP

IRPAGALGARTLLLVSELGLESEVLPVRGDHPAAQNRFLYVGGTLHPLPSGLRGLLRPSP
Kok ok kk kK ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok k ok ok k ko k ok ok ok ok ok ok ok ok ok Kk

PFSKPLFWAGLRELLKPRGKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST
PFSKSLLWTGLRELTKPRGKEPDETVHSFAQRRLGPEVASLVMDSLCRGVFAGNSRELSV



Kang, Michalak, Hallerman, and Moncrief 2021 Draft genome of Sciurus niger

Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@pP

Ppox

Aplodontia rufa
Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@P

Ppox

Aplodontia rufa
Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus niger@P

Ppox

Aplodontia rufa
Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@pP

Ppox

Aplodontia rufa
Xerus inauris@P
Marmota monax@P
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_ niger@pP

Page 15 of 20

G3 Genes Genomes Genetics

PFSKPLLWAGLRELTKPRGKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST
PFSKPLLWAGLRELTKPRGKEPDETVHSFAQRRLGPEVASLAMDSICRGVFAGNSRELST
PFSKPLLWAGLRELTKPRGKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST
PFSKPLLWAGLRELTKPRGKEPDETVHSFAHRRLGPEVASLVMDSLCRGVFAGNSRELSI
PFSKPLLWAGLRELTKPRGKEPDETVHSFAQRRLGPEVASLVMDSLCRGVFAGNSRELST
PFSRPLLWAGLRELTKPRSKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST
PFSRPLLWAGLRELTKPRSKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST
PFSRPLLWAGLRELTKPRSKEPDETVHSFAQRRLGPEVASLAMDSLCRGVFAGNSRELST

khkkeo Kekoekhkhkhkhkh Khhkkhk Khhkhkkhhhkkhkhhkkhoehkhhkhkhkhkhhhkh *khkohkhkhkhkrhkhkrkhkhrkko

RSCFPSLFQAEQTHRSILLGLLLG=——==—==—=—————————————— AGQSP
RSCFPSLFQAEQTHRSILLGLLLG=——==—==—=—————————— - AGQSP
RSCFPSLFQAEQTYRSIILGLLLGAGEEGLVQRVKILRTARVRQGVLVRFFFAVSLGQSP
RSCFPSLFQAEQTHRSVILGLLFS————-—=-—=————————— oo SGQSP
RSCFPSLFQAEQTHRSVILGLLES———=———————————— oo SGKSP
RSCFPSLFQAEQTHRSVILGLLFS———————————————— oo SGKSP
RSCFPSLFQAEQTHRSVILGLLEFS———=——=———————— - o m oo SGKSP
RSCFPSLFQAEQTHRST ILGLLLG-———-—=-—=-—=—————————————————— AGQSP
RSCFPSLFQAEQTHRST ILGLLLG-———-—=-—==—=—————————————————— AGQSP
RSCFPSLFQAEQTHRSIILGLLLGAGE--—-—- VAGRYGLPVRQGVLIFFFAAASAGQSP

KKKKKKK KKK Kk ks hk e o kkkk s * ok k
QPDSSLIRQARAERWSQWSLRGGLEVLPQALHNHLASKGVTVLSGQPVCGLSLOPEGRWK
QPDSALVRQARAERWSQWSLRGGMEMLPQTLHTYLTSRGVSVLKGQPVCGLTLOAEGHWK
OSDSALIRQAQAERWSQWSLRGGMEMLPQTLDAYLTSRGVSVLRGQPVCGLTLQAEGRWK
QPDSALIRQARAERWSQWSLRGGMETLPQTLDTYLTSRGVSVLRGQPVCGLSLOQAEGHWK
QPDSALIRQARAERWSQWSLRGGMETLPQTLDTYLTSRGVSVLRGQPVCGLSLQAEGHWK
QPDSALIRQARAERWSQWSLRGGMETLPQTLDTYLTSRGVSILRGQPVCGLSLOAEGHWK
QPDSALIRQARAERWSQWSLRGGMETLPQTLDTYLTSRGVSVLRGQPVCGLSLOAEGHWK
QPDSALIRQARAERWSQWSLRGGMEMLPQTLDTYLTSNGVSVLRGQPVCGLTLQAEGHWK
QOPDSALIRQARAERWSQWSLRGGMEMLPQTLDTYLTSNGVSVLRGQPVSGLTLQAEGHWK
QPDSALIRQARAERWSQWSLRGGMEMLPQTLDTYLTSNGVSVLRGQPVSGLTLQAEGHWK

Kk Ak ekekhkkhkkehkhkAkhkhkAXkhkAKhkhk ek *hkk ok ekek hhke ok hhkkhkk KAkeoekk Kkkokk

VSLGDSSLEADHIISAIPASELSKLLPAEAAPLARILSTIKAVSVAVVNLQYRGACLPV-
VSLGDSSLEADHIISAIPASELSKLLPAEAAPLAHILSTITAVSVAVVNLQYRGARLPV-
VSLGDSSLEADHIISAIPASELSKLLPMEAAPLAQVLSTITAVSVAVVNLQYQGARLPVQ
VSLGDSSLEADHIISAIPASELSKLLPTEAAPLAQVLNTITAVSVAVVNLQYRGARLPVQ
VSLGDSSLEADHIISAIPASELSKLLPTEAAPLAQVLNTITAVSVAVVNLQYRGARLPV-
VSLGDSSLEADHIISAIPASELSKLLPTEAAPLAQVLNNITAVSVAVVNLQYRGACLPVQ
VSLGDSSLEADHIISAIPASELSKLLPTEAAPLAQVLNTITAVSVAVVNLQYRGARLPV-
VSLGDSSLEADHIISAIPASELSKLLPAEAAPLARILSTIKAVSVAVVNLQYRGACLPL-
VSLGDSSLEADHIISAIPASELSKLLPAEAAPLARILSTIKAVSVAVVNLQYRGACLPL-
VSLGDSSLEADHIISAIPASELSKLLPAEAAPLARILSTIKAVSVAVVNLQYRGACLPL-

KA KAAkKAKAAKAAAKAA A A A A A AKX A A AhAkK* |*hkkkkhkook Kk kkkkkkkkhkkkkokk kKo

———————————————————————— QGFGHLVPSSEDPTVLGIVYDSVAFPEQDGNPPSLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSSPGLR
VYWRGKEGIDSDGTFPSFFFFFPLOGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSPPGLR
VYRGEKKVPOMEFFLLI-FFFFPLOGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSPPGLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSPPGLR
VYGGGKKGVASDGVEPS-YFFFSLOGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSSPGLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSPPGLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGSPPGLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGNPPGLR
———————————————————————— QGFGHLVPSSEDPGVLGIVYDSVAFPEQDGNPPGLR
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AKAkARkKkA kA khkhk Kk *hkkrkhkkhkrkhkkhkhhrkkhkk*x% * k%

vi----——— === === === === VMLGGYWLOKLKAAGHQLSPELFQQQ
VIVRA-—-——-———-————————————————————————— GGYWLOQKLKAAGHQLSPELEFQQQ
VIVRAGHVVWAFQRALLCPVVGKAKLVSAIF-APVMLGGSWLOMLEASGCVLSQELEFQQQ
VIVRAGHVVWAFQRALLCSIVGKAKLVSAIFPSQVMLGGSWLQTLEASGCVLSQELFQKQ
VIVRAGHEVWAFQRALFCPIVGKAKLVSAIFPSQVMLGGSWLOQTLEASGYVLSRELEFQQQ
VTVRAGHVVWAFQRTLEFCPIVGKAKLVSATIFPSQVMLGGSWLOTLEASGCVLSQELFQQQ
VTVRAGHVVWAFQRALFCPIVGKAKLVSPIFPSQVMLGGSWLOTLEASGCVLSQELFQQQ
VIVRAGHVVRVFQRAPLCPIVGKTKLVSAIFPSQVMLGGSWLOMLEASGCVLSQKLEQQQ
VIVRAGHVVRVFQRAPLCPIVGKAKLVSAIFPPQVMLGGSWLOMLEASDCVLSQKLEQQQ
VIVRAGHVVRVFQRAPLCPTVGKAKLVSAIFPPQVMLGGSWLOMLEASGCVLSQKLEQQQ

* % * Kk kkhkk ke k. *k e kk Kk ok

AQEAAATQLGLKEPPSHCLVHLHK-—= === === ——— oo oo
AQEAAATQLGLKEPPSHCLVHLHQ-—= === === — = oo oo
AQEAVATQLGLKEPPSHCLVHLHK=-—— === === === —m—m oo oo
AQEAVATQLGLKEPPSHCLVHLHKVSWGKFLSVPCCRPCIQGIFVTVCOPRPGKSIINFI
AQEAVATQLGLKEPPSHCLVHLHKVSWGKFLSVPYCRPCIQGIFVTVCOPRPGKSIINFI
AQEAVATQLGLKEPPSHCLVHLHK=—— === === === m—m oo
AQEAVATQLGLKEPPSHCLVHLHKVSWGKFLSVPYCRPCIQGIFVTVCQPRPGKSIINFI
AQEAVATQLGLKEPPSHCLVHLHKVSWGKLISVPFLRP-IQGIFVILC-PRPGKSVINFV
AQEAVATQLGLKEPPSHCLVHLHKVSWGKLISVPFWRP-IQGIFVTVC-PRPGKSVINFV
AQEAVATQLGLKEPPSHCLVHLHKVSWGKLISVPFWRP-IQGIFVTLC-PRPGKSVINFV

khkkk KAk khkhkkkkkkkhkkkkkhkhkkkhKhk o

———————— NCIPQYTIGHWQK----—------—-—-—-—--—-—-—————-—-———-LDSAMQFLTAQRL
———————— NCIPQYTLGHWOKLGKLGKLGGGQRKSDL-KLHSFHPFLPESAMKEFLSAQKL
———————— NCIPQYTLGHWOKLGKLGKQLGELRKSDLOPONSFHPFLLESAMKEFLAAQRL
LYPLSSSONCIPQYTLGHWQK-—-—=-=-=-————=———-————————————— LESAMKFLAAQRL
LYPLSSSONCIPQYTLGHWQK--—=-=-=-————==——-————————————— LESAMKFLAAQRL
———————— NCIPQYTLGHWQKLGKVGKQLGGLRK-DL-PONSFYSFLLESAMKFLAAQRL
LYPLSSSONCIPQYTLGHWOKLGKVGKQLGGLRK-DL-PONSFYSFLLESAMKFLGAQRL
LYSLPSSONCIPQYTLGHWOKLGKFGKQLGGLKKSDL-PONSFYPFLPESAMKEFLAAQKL
LYPLPSSONCIPQYTLGHWOKLGKFGKQLGGLKKSDL-PONSFHPFLPESAMKFLAAQKL
LYPLPSSONCIPQYTLGHWOKLGKFGKQLGGLKKSDL-PONSFHPFLPESAMKFLAAQKL

kkkkKkkhkKk o kkk kK e kk Kk e kk kk ok

PLTLAGASYEGVAVNDCIESGRQAAVAVLGTESNSZ
PLTLAGASYEGVAVNDCIESGRQAAVSVLGTESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESNS-
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESN--
PLTLAGASYEGVAVNDCIESGRQAAISVLGPES---
PLTLAGASYEGVAVNDCIESGRQAAISVLGPESN--

KAKAIAKRAXAKAAIAAAXAAXA KA AA A AKX A A Ko e kkKk %%

UROD encodes uroporphyrinogen decarboxylase. Diseases associated with UROD include
porphyria cutanea tarda and familial porphyria cutanea tarda. Among its related pathways are
biosynthesis of cofactors and metabolism. Gene ontology (GO) annotations related to this gene
include uroporphyrinogen decarboxylase activity. This gene encodes an enzyme responsible for
catalyzing the conversion of uroporphyrinogen to coproporphyrinogen through the removal of
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four carboxymethyl side chains. Mutations and deficiency in this enzyme are known to cause
familial porphyria cutanea tarda and hepatoerythropoetic porphyria.

Within a 426-amino acid UROD sequence for S. niger, we observed nine point-differences
among sciurids, including one contiguous tract of six where the S. niger sequence differed from
those of S. vulgaris and S. carolinensis. S. carolinensis had a deletion of 38 amino acids relative
to the sequences of S. vulgaris and S. niger. Comparing among all species, we observed
insertions of 15 and 15 amino acids in A. rufa and 50 in S. dauricus and U. parryii.

Urod
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Xerus inaurisQ@U
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
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MEANGFGLONFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYL—————-— P
———————— QTFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYLPGQGQGPEVINCVC---

———————— ONFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYL------P-—-—--———-———
———————— ONFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYL------P-—-—--———-———
———————— ONFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYL------P---—-————-—
———————— ONFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYL------P---—-————-—

———————— QOSFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYLPGQGQGPEFITLGSGGW
———————— QOSFPELKNDTFLRAAWGEETDYTPVWCMRQAGRYLPGQGQGPEFITLGSGGW

Kk KAk KRAKRKAAAAAAAAhA K e kAR A A A A A AKX A XXXk k% *

———————————————— EFRETRAAQDFFSTCRSPEACCELTLOQVRGPEREVFMPSAYRLP
———————————————— EFRETRATQDFFSTCRSPEACCELTLOVRGPQREVFMPTACHLA
———————————————— EFRETRATQDFFSTCRSPEACCELTLOVRSPOQREVFMPSACHLA
———————————————— EFRETRATQDFFSTCRSPEACCELTLQVRGPQREVFMPSACHLA
———————————————— EFRETRATQDFFSTCRSPEACCELTLQVRGPQREVFMPSACHLA
GGALGARLRSAFLLSAEFRETRATQDFFSTCRSPEACCELTLOVRGPOQREVFMSSACHLA
GGALGARLRSAFLLSAEFRETRATQDFFSTCRSPEACCELT-—-—=--——————=————————
GGALGARLRSAFLLSAEFRETRATQDFFSTCRSPEACCELT-——---——————-———————

AhkKkeoehkkhkk e khkAkhAkhAA Ak kAR h AKXk A kK

————— LOPLRRFPLDAAITIFSDILVVPQALGMEVTMVPGKGPSFPEPLREERDLERLRDP
————— LOPLRRFPLDAAITIFSDILVVPQALGLEVTMEPGKGPSFPEPLREERDLERLRDP
TCFHSLOQPLRRFPLDAAIIFSDILVVPQALGMEVIMVPGKGPSFPEPLREERDLERLRDP
TRFHSLOPLRRFPLDAAITIFSDILVVPQALGMEVTMVPGKGPSFPEPLREERDLERLRDP
TRFHSLOPLRRFPLDAAITIFSDILVVPQALGMEVTMVPGKGPSFPEPLREERDLERLRDP
TREFHSLOQPLRRFPLDAAIIFSDILVVPQALGMEVTMVPGKGPSFPEPLREERDLERLRDP
TREFHSLOQPLRRFPLDAAIIFSDILVVPQALGMEVTMVPGKGPSFPEPLREERDLERLRDP
TCFHSLOQPLRRFPLDAAIIFSDILVVPQALGMEVTMVPGKGPSEFSEPLREEQDLERLRDP
————— LOPLRREFPLDAAITIFSDILVVPQALGMEVTMVPGKGPSFSEPLREERDLERLRDP
————— LOPLRREFPLDAAITIFSDILVVPQALGMEVTMVPGKGPSFSEPLREERDLERLRDP

KRR AKAKAAKAKAAKAARAKA A AN AR AR A A Ak ek, * *hkkhkkhkhkkk ,(hkkkhkhkoekhkkhkhkkhkh%k

AAAASELGYVEFQAITLTROQRLAGRVPLIGFAGAP--—-——————-—————————————————
AAVASELNYVFQAITLTRQOLAGRVPLIGFAGAPVIWEEQGLGHEITLADLVLTREGGVS
SVVASELGYVEFQAITLTRQQLAGRVPLIGFAGAP-—-—--———-———————-————————————
EVVTSELGYVFQAITLTROQLAGRVPLIGFAGAP--————————————————————————
EVVTSELGYVFQAITLTROQLAGRVPLIGFAGAPVIWEKQGIGALWHI --WSRGRKCQCG
EVVTSELGYVFQAITLTROQLAGRVPLIGFAGAPVIWEKQGTGALWHI --WCRGRKCECG
EVVTSELGYVFQAITLTROQLAGRVPLIGFAGAPVTWEKQGIGALWHI--WCRGRKCQCG
AVVASELGYVFQAITLTRQOLAGRVPLIGFAGAPVIWDKQGTGTDHAG--ISSIDKGSVN
AVVASELGYVFQAITLTRQQLAGRVPLIGFAGAP--—-———-—-—-—————————————————
AVVASELGYVEFQAITLTRQQLAGRVPLIGFAGAPVIWDKQGTGADHAG--VSSIDKGSVS

ekhkk khkkhkhkAkkhkhkhkkhhk o kkhk Ak kA khkhxkkx%k
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Urod

Aplodontia rufa
Xerus inaurisQ@U
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@U

Urod

Aplodontia rufa
Xerus inauris@U
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@U
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Aplodontia rufa
Xerus inauris@U
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_niger@U

Urod

Aplodontia rufa
Xerus inaurisQU
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
Sciurus_vulgari
Sciurus_carolin
Sciurus_ niger@U
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Aplodontia rufa
Xerus inaurisQ@U
Marmota monax@U
Spermophilus da
Ictidomys tride
Urocitellus par
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———————————— WTLMTYMVEGGSSSTMAQAKRWLYQRPQASHKLLGILTDVLVPYLIGQ
LTSALHLYILL-WTLMTYMVEGGSSSTMAQSKRWLYQRPOQASHKLLGILTDALVPYLVGQ
———————————— WITLMTYMVEGGGSSTMAQSKRWLYQRPOASHQLLRILTDALVPYLVGQ
———————————— WTLMTYMVEGGSSSTMAQSKRWLYQRPQASHQLLRILTDALVPYLVGQ
FCTVTSL-ILLOQWTLMTYMVEGGSSSTMAQSKRWLYQRPQASHQLLRILTDALVPYLVGQ
FCTVTSL-ILLOWTLMTYMVEGGSSSTMAQSKRWLYQRPQASHQLLRILTDALVPYLVGQ
FCTVTSL-ILLOQWTLMTYMVEGGSSSTMAQSKRWLYQRPOQASHQLLRILTDALVPYLVGQ
VASALRLCILLOWTLMTYMVEGGSSSTMAQSKRWLYQRPOASHQLLRILTDVLVPYLI--
———————————— WTLMTYMVEGGSSSTMAQSKRWLYQRPOQASHQLLRILTDVLVPYLI--
VASALHLCILLOWTLMTYMVEGGSSSTMAQSKRWLYQRPOQASHQLLRILTDALVPYLVGQ

KAKKAKAKARAKAAKXK *Ak khkhAkekhkhAAhkhAAhkhAkhkhk ek *hkkk *Khkkkko

VAAGA-QALQLFESHAGHLGTELFSKFALPYIRDVAKRVKAGLOQKAGLAPVPM-—-——-—-—--
VPRQVPRHCSSFESHAGHLGTELFSKFALPYIRDVAKRVKAGLOKAGLAPVPM-—-—————
VAAGA-QALQLFESHAGHLGPQLENKFSLPYIRDVAKRVKARLQEAGLAPVPM--—————
VAAGA-QALQLFESHAGHLGPQLENKFALPYIRDVAKRVKARLQEAGLAPVPM-—---—-—-—
VAAGA-QALQLFESHAGHLGPQLEFNKFALPYIRDVAKRVKARLQEAGLAPVPMVRIGIGW
VAAGA-QALQLFESHAGHLGPQLEFNKFALPYIRDVAKRVKARLQEAGLAPVPM-—-—-—---
VAAGA-QALQLFESHAGHLGPQLENKFALPYIRDVAKRVKARLQEAGLAPVPMVRIGIGW
FFTTL-LALQLFESHAGHLGPQLFSKFALPYIRDVAKRVKAKLOQEAGLAPVPM-—-—————
FFTTL-LALQLFESHAGHLGPQLFSKFALPYIRDVAKRVKAKLOQEAGLAPVPM-—-—————
VAAGA-QALQLFESHAGHLGPQLFSKFALPYIRDVAKRVKAKLQEAGLAPVPM-—-——-—---

KAARKAAKRAAX ok k KhhkehkhkAhkhkAhkhkAhkhkhAk* kkeoehkhkhkkhkhhkxk

———————————————————————————————————————————— IIFAKDGHFALEELAQ
———————————————————————————————————————————— IIFAKDGHFALEELAQ
———————————————————————————————————————————— IIFAKDGHFALEELAQ
———————————————————————————————————————————— IIFAKDGHFALEELAQ
WVCRVFRVSLAWTEVTTGGQOKCIQERLVGTARPYVSQIRFFLQI IFAKDGHFALEELAQ
———————————————————————————————————————————— IIFAKDGHFALEELAQ
WVCRVFRVSHAWTEVTTGGQQKCIQERLVGTARPYVSQILFFLQIIFAKDGHFALEELAQ
———————————————————————————————————————————— TIFAKDGHFALEELAQ
———————————————————————————————————————————— TIFAKDGHFALEELAQ
———————————————————————————————————————————— IIFAKDGHFALEELAQ

kkkkkkhk kA khkhkk Kk kKKK

AGYEVVGLDWTVAPKKARERVGKAVTLOQGNLDPCALYASEEEIGRLVQOOMLDDEFGPQRY I
AGYEVVGLDWTVAPKKARERVGKMVTLQGNLDPCALYASEEEIGRLVKQMLDDEGPQHY T
AGYEVVGLDWTMAPKKARERVGKTVTLOGNLDPCALYASEEEIGRLVQOMLDDEGPQRYI
AGYEVVGLDWTVAPKKARERVGKSVTLOGNLDPCALYASEEEIGRLVQOMLDDEGPKRY I
AGYEVVGLDWTVAPKKARERVGKSVTLOGNLDPCALYASEEEIGRLVQOMLDDEGPKRY I
AGYEVVGLDWTVAPKKARERVGKSVTLQGNLDPCALYASEEEIGRLVQOMLDDEFGPKRY I
AGYEVVGLDWTVAPKKARERVGKSVTLOQGNLDPCALYASEEEIGQLVQOOMLDDEFGPKRY I
AGYEVVGLDWTVAPKKARERVGKTVTLQOGNLDPCALYASEEEIGOMVQKMLDDEGPQRY I
AGYEVVGLDWTVAPKKARERVGKTVTLOGNLDPCALYASEEEIGOMVQKMLDDEGPQRYI
AGYEVVGLDWTVAPKKARERVGKTVTLOGNLDPCALYASEEETIGOMVQKMLDDFGPQRY T

KKK KAKKAKAKKAIAK e AKAAKRAAKNAAKNA AAXAKAAXAKAAIAAAIAAAXAAA KA KX e o ke o khkkkhhkkhKh oo kk

ANLGHGLYPDMDPERVGAFVDAVHKHSRLLRQONZ
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
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Sciurus_vulgari ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
Sciurus_carolin ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-
Sciurus_ niger@U ANLGHGLYPDMDPEHVGAFVDAVHRHSRLLRON-

Ak Ak hkhk kA hkhkhAhkhhkeoehkhkhkhkkhkrkhkhkoehkkhkrkhkhkhix*k

UROS encodes uroporphyrinogen 111 synthase. Diseases associated with UROS include porphyria
and congenital erythropoietic and cutaneous porphyria, or Gunther’s disease. Among its related
pathways are porphyrin metabolism and biosynthesis of cofactors. Gene ontology (GO)
annotations related to this gene include cofactor binding and uroporphyrinogen-111 synthase
activity. The protein encoded by this gene catalyzes the fourth step of porphyrin biosynthesis in
the heme biosynthetic pathway. The human UROS protein has 199 amino acids before any
squirrel one. M. monax, S. dauricus, |. tridecemlineatus, and U. parryii had an 11-amino acid
sequence not similar to the human sequence. From amino acid 419, the sequences of all species
were similar. The S. niger amino acid sequence differed from those of S. vulgaris and S.
carolinensis at amino acid 229, and the S. carolinensis sequence from those of S. vulgaris and S.
niger at amino acid 256.

Uros MKVLLLKDAKEDDSGLDPYIQELRLCGLEATLIPVLSFEFMSLPSLSEKLSHPEGEFGGLI
Aplodontia rufa ————————mmm oo~
Xerus inauris@U ——————————— oo~
Marmota monax@U ————————— =
Spermophilus da =—==== === mm o
Ictidomys tride ——————————— oo
Urocitellus par ———————————
Sciurus vulgari ———————mmmm oo
Sciurus carolin —————=———mm— o
Sciurus niger@U —————————— -

Uros FTSPRAVEAVKLCLEKDNKTEAWEKSLKDRWNAKSVYVVGSATASLVNKIGLDAEGAGSG
Aplodontia rufa —————————=—— -
Xerus 1nauris@U —————————— oo~
Marmota mMonax@U ——————— ==
Spermophilus da ——=—=—=—=====———mm
Ictidomys tride ———————————
Urocitellus Par ————————— ===
Sciurus vulgari ————————mmm o
Sciurus carolin —————=———mm— oo
Sciurus niger@U ——————————m—

Uros NAEKLAEYICSKPSSELPLLFPCGTIKGDTLPKMLKDKGIPMESMHVYQTVPHPGIQGSL
Aplodontia rufa ————————===— -
Xerus inauris@U ——————————————— -
Marmota Monax@U —— === === o
SPermophilus da === === m
Ictidomys tride ————————=——— -
Urocitellus Par ————————— ===
Sciurus vulgari ————————mmm oo
Sciurus carolin ———— - mm oo
Sciurus niger@U ———————————— -
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Uros KSYYEDQGIPASITFFSPSGLKYSLEYIQALSGSSFDQIKFIAIGPSTTRAMAAKGLPVS
Aplodontia rufa ---------—-—-—-—-—-—-——-———————————————— QFAATIGPSTARALAAKGLPVS
Xerus inauris@U -------------—--—-—-——"—"—"—"——"——"————— SSLPSLQFAATGPTTARALTSKGLPVS
Marmota monaxQU ---—--—--—-—-—-—-—-—- GVMYRKALAEA---LSLPSLQFAAIGPTTAHALTAKGLPVS
Spermophilus da ----------—-—-—--—-- GVMYRKALAEA---LSLPSLQFAAIGPTTAHALTAKGLPVS
Ictidomys tride ---—--—-—--—---------- GVMYQKALAEA---LSLPSLQFAAIGPTTAHALTAKGLPVS
Urocitellus par ----------—-—-----—- GVTYRKALAEA---LSLPSLQFAAIGPTTAHALTAKGLPVS
Sciurus_vulgari ----------—-—-—-—-——————————————-— SSLPSSQFAATGPTTARALAAQGLPVS
Sciurus_carolin —-—----—--—-—-—-— - FAATIGPTTARALAAQGLPVS
Sciurus _niger@U ---------———————————-————~——~——~——~———— SLSSSQFAAIGPTTARTLAAQGLPVS

K OKKKK K kkkKkK
Uros CTAESPTPQALAAGIRNVLKPNHCCZ

Aplodontia_rufa CTAESPTPQALAASIRKALQPHSCC-
Xerus_inauriS@U CTAESPTPQALAAGIRKALQPQGCC-
Marmota_monax@U CTAESPTPOQALAAGIRKALQPQGCC-
Spermophilus_da CTAESPTPQALAAGIRKALQPQGCC-
Ictidomys_tride CTAESPTPQALAAGIRKALQPQGCC-
Urocitellus par CTAESPTPQALAAGIRKALQPQGCC-
Sciurus_vulgari CTAESPTPQALAAGIRKALQPQ----
Sciurus_carolin CTAESPTPQALAAGIWKALQPQGSC-
Sciurus_niger@U CTAESPTPQALAAGIRKALQPQGSC-

khkAkkkhkAkkkhkkhkkhkhkk Kk K| o Kok
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